Although the structures of ions in ion-exchange resins are of fundamental importance, very few studies have been reported because of the lack of efficient approaches. X-ray absorption fine structure is one of the most efficient tools for studying structural aspects involved in ion-exchange processes because it is highly selective to an element of interest and is applicable to any materials and phases.
Introduction
Ion-exchange is in general regarded as a matured technique, because a number of useful materials are commercially available and have been employed in various applications.
However, some important aspects have not been well elucidated, which include e.g. molecular mechanisms governing separation selectivity and the local structures of molecules involved in the ion-exchange processes, because of the lack of an efficient approach.
Although some investigations have been carried out to understand these molecular features, unambiguous conclusions have not been drawn.
In inorganic ion-exchangers, the structures of counterions and roles of surrounding molecules (solvents and matrices) have been relatively well studied [1] ; the rigid and crystalline structures of these materials have allowed the advancements in fundamental researches. In contrast, the molecular features have not been well understood in polymer-based ion-exchangers despite its significant part played in the history of ion-exchangers. Ion-exchange experiments are usually done in electrolyte solutions, where solvent molecules interact not only with counterions but also with the ion-exchange groups and resin matrices. Thus, a means, which allows us to selectively probe a target molecule in this complex system without interferences from coexistent materials, makes a significant contribution to the understanding of ion-exchange processes on molecular bases.
The authors believe that X-ray absorption fine structure (XAFS) is a one of the best approaches for this purpose because of its high elemental selectivity. Although recent developments in laser chemistry have permitted to study various species in various environments, samples should be optically transparent. This often restricts the design of experiments. Since both solvent molecules and matrices of polymer-based ion-exchangers (25) principally comprises carbon, oxygen, and hydrogen atoms, these are X-ray transparent (though, in most cases, UV-visible opaque) when heavier atoms (most of atoms studied by this approach are the cases) are studied .
Thus, we can approach a target atom without interferences from matrices and solvents even when the target is embedded in the matrices. In the previous paper, we discussed the structure of Br in anion-exchange resins soaked in various solvents, including water, methanol, and aprotic solvents, and found some interesting features. [2] However, studying a single type of ion cannot lead to the elucidation of separation selectivity in ion-exchange. In the present paper, results for Cl-are compared with those obtained for Br-in the same systems to discuss a molecular origin in the separation selectivity in ion-exchange .
2 Experimental
XAFS measurements
All XAFS measurements were performed at BL-9A and BL-10B of Photon Factory , High Energy Accelerator Research Organization in Tsukuba, Japan. It was rather difficult to measure XAFS spectra at Cl-K edge because of the relatively low energy (2.82 keV), but has become feasible using the focused intense X-ray beam at BL-9A. The measurements were done with a usual transmission mode .
Anion-exchange resin
Polystyrene-based anion-exchange resin Amberlyst 26 was used as a sample . This resin is a strong base anion-exchanger having N(Me)3+Cl+ as an anion-exchange group, and is hereinafter named R4 . The resin was rinsed in a Soxhlet's extractor with acetone and methanol. After being rinsed with water very well , resins were powdered, and then dried over P2O5 in vacuo.
The resin soaked in an appropriate solvent (or dried resin) was sealed in a polyethylene pouch, and provided for XAFS measurements by sandwiching it between plastic holders .
The thickness of the resin samples was adjusted so that appropriate signal intensity was obtained; the typical thickness was 2 mm for the Bf-form resin and 0.1-0 .2 mm for the C1-form resin. If the interaction between a solvated counterion and ion-exchange group occurs (similar to solvent-shared ion-pair formation), the radius of a solvated ion should be reflected in ion-exchange selectivity. If counterions keeping their hydration structures interact with the ion-exchange groups, the columbic interaction for CF may be weaker than that for Br-; following this explanation, MeOH must be intermediate. However, it is obvious that thermodynamic data based on the evaluation of the distribution of ions, ion-exchange selectivity etc give no direct evidence on the interaction between counterions and ion-exchange groups. These aspects are discussed in the following section on the basis of results of XAFS measurements, which are capable of revealing the structural features. Fig.1 distances reported above are average of X-C and X-N (X; halide). The numbers of scatter atoms are also estimated as 4.48 and 4. 10, suggesting that these anions are entrapped in the tripod composed of three methyl groups of the ion-exchange site (total four atoms, three carbon atoms and a nitrogen atom, can be scattering atoms). 
XAFS of counterions in the anion-exchange resin

